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(54) Three-dimensional display apparatus and method 



(57) A 3D display apparatus (2) is provided with: a 
plurality of displaying devices (11, 12) which are ar- 
ranged on a visual line of a viewer (10) in series at a 
predetermined interval; and a controlling device (31 -39) 
for controlling the displaying devices to respectively dis- 



play images, so as to show a three dimensional image 
for the viewer. At least one (1 1 ) of the displaying devices 
except for a displaying device (12) which is positioned 
farthest from the viewer has an image displaying surface 
having both of a self-emitting property and a light trans- 
parency property. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0001 ] The present invention relates to a 3D (three di- 
mensional) display apparatus and method of a bright- 
ness modulation type (i.e., a luminance or intensity mod- 
ulation type), which can show a 3D image for a viewer 
by displaying a plurality of images of an object with 
changing the brightness of the images and overlapping 
the images on each other from a view point of the viewer. 

2. Description of the Related Art: 

[0002] There is a LC (Liquid Crystal) shutter glass 
method or the like as a 3D display apparatus, which can 
show a 3D image of motion picture and can electrically 
rewrite the 3D image. This LC shutter glass method 
shows the 3D image by inputting an image signal, which 
is composed of image data including parallax informa- 
tion obtained by shooting a picture of a 3D object from 
several directions, into a 2D display apparatus. A viewer 
or observer wears a pair of LC shutter glasses. When 
an odd field image is on the 2D display, the LC shutter 
for a right eye becomes to be able to transmit a light 
therethrough and the LC shutter for a left eye becomes 
to be able to cut off the light. On the other hand, when 
an even field image is on the 2D display, the LC shutter 
for a right eye becomes to be able to cut off the light and 
the LC shutter for the left eye becomes to he able to 
transmit the light therethrough. In this case, by display- 
ing an image for the right eye in the odd field and dis- 
playing an image for the left eye in the even field with 
two images synchronized, the viewer can perceive the 
3D image by watching the two images, including the par- 
allax for the right eye and the left eye, with his eyes. 
[0003] According to this LC shutter glass method, it is 
necessary for the viewer to use the pair of LC shutter 
glasses. For example, it is unnatural to use the pair of 
LC shutter glasses in a television conference. In physi- 
ological factors of 3D viewing, a big contradiction be- 
tween (i) parallax of two eyes or congestion and (ii) fo- 
cusing may happen. That is to say, although the LC shut- 
ter glass method can satisfy the parallax of two eyes 
and the congestion since there is a focusing face on a 
surface of the image, this contradiction makes the view- 
er's eyes so tired. 

[0004] On the account, a cubic-volume method which 
shows the 3D image by placing a plurality of the 2D dis- 
play apparatuses in front of the viewer is proposed to 
solve a problem about the above described contradic- 
tion between (i) the parallax of two eyes or the conges- 
tion and (ii) the focusing. The cubic-volume method can 
show the 3D image between two of the 2D display ap- 
paratuses by displaying a gathering of several 2D imag- 
es, which are sampled to a depth direction from a view 
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point of the viewer, on two pieces of the 2D display ap- 
paratuses which are arranged at a predetermined inter- 
val for example. According to this method, which is dif- 
ferent from the LC shutter glass method, it is possible 
5 to ease the contradiction between (i) the parallax of two 
eyes or the congestion and (ii) the focusing. However, 
according to the cubic-volume method, it is difficult to 
show an object, which is placed at a middle position of 
the two of the 2D display apparatuses or changes its 
position in a great magnitude toward the depth direction 
from the viewer, because the several 2D images are dis- 
cretely positioned in the depth direction from the viewer. 
[0005] On that account, a 3D display method of a 
brightness modulation type is proposed, which can in- 
terpolate the interval, even if showing positions of the 
several 2D images are discrete, by giving a variation to 
the brightness of the 2D image which is shown on each 
of two pieces of the 2D display apparatuses. According 
to this brightness modulation method, it is possible to 
ease the contradiction between (i) the parallax of two 
eyes or the congestion and (ii) the focusing, and is pos- 
sible to ease eyestrain or the like. Also, the brightness 
modulation method has an advantage, which is to de- 
crease an amount of data in showing the 3D image, be- 
cause it is possible to make the viewer perceive the ob- 
ject existing in the middle position of the two image sur- 
faces three-dimensionally and further to show objects 
existing on a plurality of surfaces. 
[0006] However, this brightness modulation method 
has such a problem that the 3D display apparatus can- 
not show the image of a sem transparent object or the 
image through which the viewer can watch an object at 
the back of the image. 

[0007] To this problem, the brightness modulation 
method which can show the image of a sem transparent 
object and the image through which the viewer can 
watch the object at the back of the image, by overlapping 
and showing the images of the object on several 2D dis- 
play apparatuses by using a plurality of half mirrors, is 
proposed by the Japanese Patent Application Laying 
OpenNO.2000-115812. 

[0008] However, in this method, the 3D display appa- 
ratus is large in scale and is so complicated that the 3D 
display apparatus cannot meet general requirements of 
miniaturization, lightweight and cost reduction in the 
concerned technical field because the 3D display appa- 
ratus includes a plurality of optical elements such as half 
mirrors and the like. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention 
to provide a 3D display apparatus and a 3D display 
method of the brightness modulation type, which can 
show the advanced 3D image with a relatively small- 
sized and simple structure. 

[0010] The above object of the present invention can 
be archived by a 3D display apparatus provided with: a 



15 



20 



25 



30 



35 



40 



45 



50 



2 



4 



3 



EP 1 361 760 A2 



4 



plurality of displaying devices which are arranged on a 
visual line of a viewer in series at a predetermined in- 
terval; and a controlling device for controlling the dis- 
playing devices to respectively display images, so as to 
show a three dimensional image for the viewer, at least 
one of the displaying devices except for a displaying de- 
vice which is positioned farthest from the viewer com- 
prising an image displaying surface having both of a 
self-emitting property and a light transparency property. 
[0011] According to the 3D display apparatus of the 
present invention, the displaying devices are arranged 
in series at the predetermined interval on the visual line 
of the viewer. The "visual line" of the present invention 
means a visual line or axis, or a line of vision of an ideal 
or real viewer, who watches the 3D display apparatus 
of the present invention such that he or she may per- 
ceive the 3D image. At least one displaying device ex- 
cept for the displaying device positioned farthest from 
the viewer (hereunder, which is simply referred to as 
"the backmost displaying device" as the occasion de- 
mands), includes the image displaying surface having 
the self-emitting property as well as the light transpar- 
ency property. Thus, this at least one displaying device 
can display the image by self-emitting and, when it is 
not illuminating, can pass therethrough a light coming 
from the back side thereof. 

[0012] In operation, under the control of the control- 
ling device, for example, the displaying devices respec- 
tively display the images of the same object (for exam- 
ple, a same image of the object or images of the same 
object, sizes of which are different from each other, or 
the like), whose brightness is varied between the dis- 
playing devices, at a substantially same screen position 
of each of the displaying devices. Therefore, the viewer 
can watch one image displayed by the displaying device 
positioned at a forward position (hereunder, which is 
simply referred to as "the forward displaying devices" as 
the occasion demands), which is overlapped on another 
image displayed by the displaying device positioned at 
a backward position (hereunder, which is simply re- 
ferred to as "the backward displaying device" as the oc- 
casion demands) through the forward displaying device. 
That is, the viewer existing on the visual line can per- 
ceive a 3D image of the brightness modulation method. 
[0013] Alternatively, for example, the displaying de- 
vices may respectively display the images of the differ- 
ent objects, whose brightness is varied between Ihe dis- 
playing devices in response to the position or depth of 
each object with respect to the viewer, at different 
screen positions of each of the displaying devices. In 
this case, the viewer existing on the visual line may also 
perceive a 3D image of the brightness modulation meth- 
od. 

[0014] Especially in the present invention, every one 
of the displaying devices placed in the above described 
manner or at least one of the displaying devices except 
for the backmost displaying device includes a displaying 
device comprising the image showing surface having 



both of the self-emitting property and the light transpar- 
ency property. For this, for example, EL display unit can 
be used. On the other hand, the backmost displaying 
device has no need to have transparency because an 

5 image coming from the back of the backmost displaying 
device doesnt exist. For the backmost displaying de- 
vice, for example, an LCD (Liquid Crystal Display) unit, 
a Plasma display unit, a CRT (Cathode Ray Tube) dis- 
play unit or the like may be used. 

io [0015] In the present invention, it is adequate to use 
at least two display devices as the plurality of display 
devices. In this case, the viewer perceives the 3D im- 
age, which is shown at a position associated with the 
brightness of the image shown by each of the two dis- 

'5 playing devices, between the two displaying devices. It 
is also possible to construct to include three displaying 
devices, each of which is associated with respective one 
of the color RGB signals. Further, it is possible to con- 
struct to show a broadcasted picture and to show the 

20 3D image, which is overlapped on the broadcasted pic- 
ture. 

[0016] Above described, according to the present in- 
vention, a small-sized and easy controlled 3D display 
apparatus of the brightness modulation method which 
25 has no need to have the optical element like a plurality 
of half mirrors for overlapping or mixing a plurality of im- 
ages of the object, as in the above described Japanese 
Patent Application Laying Open NO .2000-1 158 12 for 
example, is realized by using the displaying device hav- 
30 ing the self emitting property as well as the light trans- 
parency property. 

[0017] Incidentally, in the present invention, all of the 
displaying devices except for the backmost displaying 
device may be constructed by the displaying device hav- 
35 ing the light transparency property like the EL display 
unit or the like. Alternatively, just one displaying device 
except for the backmost displaying device may be con- 
structed by the displaying device having the light trans- 
parency property like the EL display unit and other dis- 
40 play units except for the just one displaying device and 
the backmost displaying device may be constructed by 
a displaying device not having the light transparency like 
the LCD unit or the like, which is placed to show the im- 
age through the half mirror. 
45 [0018] in one aspect of the 3D display apparatus of 
the present invention, the controlling device controls the 
displaying devices to respectively display the images of 
a same object at a substantially same screen position 
of respective one of the displaying devices. 
so [0019] According to this aspect, the displaying devic- 
es respectively display the images of the same object, 
whose brightness is varied between the displaying de- 
vices, at a substantially same screen position of each of 
the displaying devices. Therefore, the viewer existing on 
55 the visual line can perceive a 3D image of the brightness 
modulation method. 

[0020] In one aspect of the 3D display apparatus of 
the present invention, the controlling device controls the 
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display devices such that one of the displaying devices 
which is positioned forward displays one image of the 
same object with a higher brightness than other of the 
displaying devices positioned backward if the three di- 
mensional image is to be shown nearer to the viewer, 
and such that one of the displaying devices which is po- 
sitioned backward displays one image of the same ob- 
ject with a higher brightness than other of the displaying 
devices positioned forward if the three dimensional im- 
age is to be shown farther from the viewer. 
[0021 ] According to this aspect, the controlling device 
controls the brightness of the image shown on each of 
the displaying devices in order that the viewer can per- 
ceive the image of the object as the 3D image. For ex- 
ample, the controlling device makes the brightness of 
the image, which is shown on the forward displaying de- 
vice, high and makes that of the image, which is shown 
on the backward displaying device, low, so as to make 
the viewer perceive the 3D image at nearer position from 
the viewer. Then, the viewer can perceive the 3D image 
as shown at the near position to the forward displaying 
device. On the other hand, the controlling device makes 
the brightness of the image, which is shown on the for- 
ward displaying devices, low and makes that of the im- 
age, which is shown on the backward displaying device, 
high so as to make the viewer perceive the 3D image at 
the further position from the viewer. Then, the viewer 
perceives the 3D image as shown at the near position 
to the backward displaying device. Therefore, the view- 
er existing on the visual line can perceive the 3D image 
of the brightness modulation method. 
[0022] In this aspect, the controlling device may fur- 
ther control the displaying devices such that a sum of 
the brightness of the displaying device positioned from 
forward to backward position is kept to be a predeter- 
mined value. 

[0023] By constructing in this manner, the controlling 
device can prevent the screen from flicking accompa- 
nying the variation of the brightness because the bright- 
ness which is composed of the brightness of all display- 
ing devices is kept to be the predetermined value (e.g., 
one value or constant value) in any cases by control of 
the controlling device. 

[0024] In another aspect of the 3D display apparatus 
of the present invention, the controlling device controls 
the brightness on the basis of a distance from a camera 
device for shooting the image of the same object to the 
same object. 

[0025] According to this aspect, controlling of the 
brightness of the image shown on the 3D display appa- 
ratus of the present invention is performed on the basis 
of the distance from the camera device to the object. 
The distance from the camera device to each object is 
measured by a distance measuring device for example, 
and is recorded in correspondence with the image infor- 
mation, as the distance information. As the object is near 
to the camera device, the brightness of the forward dis- 
playing device is higher than that of the backward dis- 



playing device. On the contrary, as the object is far from 
the camera device, the brightness of the forward dis- 
playing device is lower than that of the backward dis- 
playing device. Therefore, a distance relationship in 

5 shooting the image of the real object can be reproduced. 
To measure the distance, for example, a method using 
ultrasonic, infrared light or the like may be employed. 
[0026] In another aspect of the 3D display apparatus 
of the present Invention, the 3D display apparatus fur- 

10 ther provided with an input device through which the 
brightness is set to be a desired value. 
[0027] According to this aspect, the viewer or produc- 
er can set the brightness of the image to be the desired 
value through the input device. Therefore, the viewer 

is can freely set a relationship of a position of the object 
and perceive the 3D image. It may be important to de- 
sign the relationship of the position of the object in show- 
ing an Image, which is produced by a computer espe- 
cially. As the input device, for example, a method of per- 

20 forming by programming in computer or that of design- 
ing by an input unit like a keyboard while perceiving the 
image may be employed. 

[0028] In another aspect of the 3D display apparatus 
of the present invention, the at least one of the display- 
25 jng devices self-emits such that an amount of a self- 
emitted light directed toward the viewer is more than that 
directed away from the viewer. 

[0029] According to this aspect, as to the forward dis- 
playing device or the displaying device except for the 

30 backmost displaying device, the amount of the light 
emitted in the direction of going away from the viewer is 
less. Therefore, the amount of the light constituting the 
image noise coming toward the viewer, which is gener- 
ated by a reflection of the light emitted in the direction 

35 of going away from the viewer onto a surface of the dis- 
playing device which is placed at the back of the emitting 
displaying device, can be reduced. As a result, a quality 
of the 3D image can be improved. 
[0030] In another aspect of the 3D display apparatus 

40 of the present invention, the at least one of the display- 
ing devices has a half mirror on a back side thereof. 
[0031 ] According to this aspect, as to the forward dis- 
playing device or the displaying device except for the 
backmost displaying device, it is possible to decrease 

45 or cut off the light emitted in the direction of going away 
from the viewer by the half mirror. Therefore, the amount 
of the light constituting the image noise coming toward 
the viewer, which is generated by a reflection of the light 
emitted in the direction of going away from the viewer 

50 onto the surface of the displaying device placed at the 
back of the emitting displaying device, can be reduced. 
[0032] Incidentally, the above described half mirror is 
preferably placed in a vicinity of the displaying device or 
at a predetermined interval from the displaying device 

55 perpendicularly to the same visual line. The above de- 
scribed half mirror preferably overlaps with this display- 
ing device or faces to this displaying device. Therefore, 
it is possible to prevent the optical system from becom- 
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ing large-sized due to the existence of the half mirror. 
[0033] In another aspect of the 3D display apparatus 
of the present invention, the at least one of the display- 
ing devices has a filter on a hack side thereof, such that 
an amount of a self-emitted light directed away from the 
viewer through the filter is less than that directed toward 
the viewer through the filter. 

[0034] According to this aspect, as to the forward dis- 
playing devices or the displaying device except for the 
backmost displaying device, it is possible to decrease 
or cut off the light emitted in the direction of going away 
from the viewer by the filter. Therefore, the amount of 
the light constituting the image noise coming toward the 
viewer, which is generated by the reflection of the light 
emitted in the direction of going away from the viewer 
onto the surface of the displaying device placed at the 
back of the emitting displaying device, can be reduced 
[0035] In another aspect of the 3D display apparatus 
of the present invention, the at least one of the display- 
ing devices has a polarizing plate on a back side thereof. 
[0036] According to this aspect, as to the forward dis- 
playing device or the displaying device except for the 
backmost displaying device, it is possible to decrease 
or cut off the light emitted in the direction of going away 
from the viewer by the polarizing plate. Therefore, the 
amount of the light becoming to the image noise coming 
toward the viewer, which is generated by the reflection 
of the light emitted in the direction of going away from 
the viewer onto the surface of the displaying device 
placed at the back of the emitting displaying device, can 
be reduced. Especially, if the polarizing plate is set to 
be able to permeate the light of the image of the object 
displayed by the backward displaying device, the well- 
bright 31) image can be shown. 
[0037] In another aspect of the 3D display apparatus 
of the present invention, the at least one of the display- 
ing devices is anti-ref lection processed on a back side 
surface thereof. 

[0038] According to this aspect, a reflection of a light, 
which is emitted from the forward displaying device to 
backward, on the surface of the backward displaying de- 
vice or the backmost displaying device is effectively pre- 
vented by the anti-reflection film, layer or coating. As a 
result, the image noise going toward the viewer, which 
results from the light reflection, can be reduced. 
[0039] In another aspect of the 3D display apparatus 
of the present invention, the other of the displaying de- 
vices positioned backward is anti- reflection processed 
on a front side surface thereof. 
[0040] According to this aspect, the reflection of the 
light, which is emitted from the forward displaying device 
to backward, on the surface of the backward displaying 
device or the backmost displaying device is effectively 
prevented by the anti-reflection film, layer or coating. As 
a result, the image noise going toward the viewer, which 
results from the light reflection, can be reduced. 
[0041] In another aspect of the 3D display apparatus 
of the present invention, the other of the displaying de- 



vices positioned backward has a light scattering plate 
on a front side surface thereof. 
[0042] According to this aspect, the light which is emit- 
ted from the forward displaying device backward is scat- 

5 tered by the light scattering plate before the light arrives 
at the surface of the backward displaying device or the 
backmost displaying device. Therefore, the reflection of 
the light, which is emitted backward, on the surface of 
the backward displaying device or the backmost dis- 

10 playing device is effectively prevented by the light scat- 
tering plate. As a result, the image noise going to the 
viewer, which results from the light reflection can be re- 
duced. 

[0043] Incidentally, an arbitrary combination of the 

15 above mentioned aspects for the forward displaying de- 
vice and/or for the backward displaying device can 
make the quality of the 3D image further Improved. 
[0044] In another aspect of the 3D display apparatus 
of the present invention, the at least one of the display- 

20 ing devices comprises an EL element. 

[0045] According to this aspect, the displaying device, 
like the EL display unit or the like comprising the EL el- 
ement, is superior in both of the self-emitting and the 
light transparency. Thus, it is possible to produce a thin 

25 and small-sized displaying apparatus as the 3D display 
apparatus and it is preferable to use the displaying de- 
vice like the EL display unit to construct the 3D display 
apparatus of the present invention. 
[0046] In another aspect of the 3D display apparatus 

30 of the present invention, the displaying device posi- 
tioned farthest from the viewer comprises an image dis- 
playing surface not having the light transparency prop- 
erty. 

[0047] According to this aspect, as to the backmost 

35 displaying device which has no need to have the light 
transparency, for example LCD unit, plasma display 
unit, CRT display unit or the like can be used. It is pos- 
sible to improve the cost-performance and the capacity 
efficiently as to the entire 3D display apparatus. 

^0 [0048] However, it is possible to construct the back- 
most displaying device by using the EL display unit or 
the like, having the self-emitting and the light transpar- 
ency, like other displaying device. Even this construc- 
tion, as long as the displaying device having the self 

45 emitting and the light transparency is used as the back- 
most displaying device, several advantage of the above 
described present invention can be suitably obtained. 
[0049] The above object of the present invention can 
be archived by a 3D display method using the above 

50 described 3D display apparatus of the present inven- 
tion, the method including the processes of: generating 
image signals for the displaying devices to respectively 
display the images; and controlling the displaying devic- 
es on the basis of the generated image signals to re- 

55 spectively display the images of a same object at a sub- 
stantially same screen position of respective one of the 
displaying devices. 

[0050] According to the 3D display method of the 
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present invention, the displaying devices are disposed 
on the viewer's same visual line in series at the prede- 
termined interval in the same manner as the above men- 
tioned 3D display apparatus of the present invention. By 
the controlling process, the displaying devices respec- 
tively show the images of the same object whose bright- 
ness is varied between the displaying devices. The 
viewer can watch the image displayed by the forward 
displaying device, which is overlapped on the image dis- 
played by the backward displaying device through the 
forward displaying device. That is, the viewer existing 
on the visual line can perceive a 3D image of the bright- 
ness modulation method. 

[0051] Especially in the present invention, every one 
of the displaying devices placed in the above described 
manner or at least one of the displaying devices except 
for the backmost displaying* device includes a displaying 
device comprising the image showing surface having 
both of the self-emitting property and Ihe light transpar- 
ency property. Therefore, a small-sized and easy con- 
trolling 3D display apparatus of the brightness modula- 
tion method which has no need to have the optical ele- 
ment like a plurality of half mirrors for overlapping or mix- 
ing a plurality of images of the object, as in the above 
described Japanese Patent Application Laying Open 
NO.2000-115812 for example, is realized 
[0052] In ore aspect of the 3D display method of the 
present inve the controlling process includes the 
processes ol. ntrolling the display devices such that 
one of the displaying devices which is positioned for- 
ward displays one image of the same object with a high- 
er brightness than other of the displaying devices posi- 
tioned backward if the three dimensional image is to be 
shown nearer to the viewer; and controlling the display 
devices such that one of the displaying devices which 
is positioned backward displays one image of the same 
object with a higher brightness than other of the display- 
ing devices positioned forward if the three dimensional 
image is to be shown farther from the viewer 
[0053] According to this aspect, the controlling proc- 
ess controls the brightness of the image shown on each 
of the displaying devices in order that the viewer can 
perceive the image of the object as the 3D image. For 
example, the controlling device makes the brightness of 
the image, which is shown on the forward displaying de- 
vice, high and makes that of the Image, which Is shown 
on the backward displaying device, low, so as to make 
the viewer perceive the 3D image at nearer position from 
the viewer. Then, the viewer can perceive the 3D image 
as shown at the near position to the forward displaying 
device. On the other hand, the controlling device makes 
the brightness of the image, which is shown on the for- 
ward displaying devices, low and makes that of the im- 
age, which is shown on the backward displaying device, 
high so as to make the viewer perceive the 3D image at 
the further position from the viewer. Then, the viewer 
perceives the 3D image as shown at the near position 
to the backward displaying device. Therefore, the view- 
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er existing on the visual line can perceive the 3D image 
of the brightness modulation method. 
[0054] In another aspect of the present invention, the 
controlling process further controls the displaying devic- 

5 es such that a sum of the brightness of the displaying 
device positioned from forward to backward position is 
kept to be a predetermined value. 
[0055] By constructing in this manner, the controlling 
process can prevent the screen from flickering accom- 

10 panying the variation of the brightness because the 
brightness, which is composed of the brightness of all, 
displaying devices is kept to be the predetermined value 
(e.g., one value or constant value) in any cases by con- 
trol of the controlling process. 

15 [0056] In another aspect of the 3D display method of 
the present invention, the controlling process controls 
the brightness on the basis of a distance from a camera 
device for shooting the image of the same object to the 
same object. 

20 [0057] According to this aspect, controlling of the 
brightness of the image shown by the 3D display method 
of the present invention is performed on the basis of the 
distance from the camera device to the object. The dis- 
tance from the camera device to each object is meas- 

25 ured by a distance measuring device for example, and 
is recorded in correspondence with the image informa- 
tion, as the distance information. As the object is near 
to the camera device, the brightness of the forward dis- 
playing device is higher than that of the backward dis- 

30 playing device. On the other hand, as the object is far 
from the camera device, the brightness of the forward 
displaying device is lower than that of the backward dis- 
playing device. Therefore, a distance relationship in 
shooting the image of the real object can be reproduced. 

35 [0058] The nature, utility, and further features of this 
invention will be more clearly apparent from the follow- 
ing detailed description with reference to preferred em- 
bodiments of the invention when read in conjunction 
with the accompanying drawings briefly described be- 

40 low. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0059] 

45 

FIG.1 is a conceptual diagram showing a display of 
the present embodiment associated with a 3D dis- 
play apparatus and method of the present inven- 
tion. 

50 FIG.2 is another conceptual diagram showing the 
present embodiment associated with the 3D display 
apparatus and method of the present invention. 
FIG. 3 is a block diagram showing a summarized 
structure of the embodiment associated with a cam- 

55 era system for shooting an image for a 3D display 
of the present invention. 

FIG.4 is a block diagram showing a summarized 
structure of the embodiment associated with the 3D 
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display device of the present invention. 
FIG.5 is a schematic perspective view showing first 
and second embodiments associated with a device 
for displaying an image of the 3D display apparatus 
of the present invention. 

FIG.6 is a schematic perspective view showing a 
third embodiment associated with the device for dis- 
playing the image of the 3D display apparatus of the 
present invention. 

FIG.7 is a schematic perspective view showing a 
forth embodiment associated with the device for 
displaying the image of the 3D display apparatus of 
the present invention. 

FIG.8 is a schematic perspective view showing a 
fifth embodiment associated with the device for dis- 
playing the image of the 3D display apparatus of the 
present invention. 

FIG.9 is a schematic perspective view showing a 
sixth embodiment associated with the device for 
displaying the image of the 3D display apparatus of 
the present invention. 

FIG.10 is a schematic sectional view showing a 
more detailed example of the second embodiment 
associated with the device for displaying the image 
of the 3D display apparatus of the present invention. 
FIG. 11 is a schematic sectional view showing an- 
other more detailed example of the second embod- 
iment associated with the device for displaying the 
image of the 3D display apparatus of the present 
invention. 

FIG. 12 is a schematic sectional view showing an- 
other more detailed example of the second embod- 
iment associated with the device for displaying the 
image of the 3D display apparatus of the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0060J At first, a concept of a 3D display apparatus of 
the present invention will be explained with reference to 
FIG.1 and FIG.2. FIG.1 shows a condition that a viewer 
can perceive an object positioned relatively forward in 
the 3D display and FIG.2 shows a condition that the 
viewer can perceive the object positioned relatively 
backward in the 3D display. Unless it Is especially de- 
fined, "a surface" or "a front surface" of the 3D display 
apparatus means a surface which is directed toward the 
viewer (i.e., a surface which faces to the viewer), while 
"a back surface" of the 3D display apparatus means a 
surface which is directed opposite to the viewer (i.e., a 
surface which does not face to the viewer). 
[0061] In FIG.1 , a display unit 11 and a display unit 12 
are disposed parallel to each other, and are arranged 
on a same visual line of the viewer 10 in series at a pre- 
determined interval dO. In this condition, about a same 
object, an image 111 is displayed on the display unit 11 
and an image 121 is displayed on the display unit 12. 



The images 1 1 1 and 1 21 are displayed at such positions 
where the viewer 1 0 can watch the images 1 1 1 and 1 21 
with overlapped. 

[0062] At this time, the image 1 1 1 and the image 1 21 

5 are displayed such that a brightness of the image 111 
and a brightness of the image 1 2 1 have a predetermined 
relationship with each other and a sum of the brightness 
of the image 111 and the brightness of the image 121 is 
constant. By showing both of the images in this condi- 

10 tion, a composed image 131 is perceived by the viewer 
10 at a position between the display unit 11 and the dis- 
play unit 1 2. For example, if the brightness of the image 
1 1 1 is higher than that of the image 1 21 , the image 1 31 
can he viewed as existing backward at a distance d1 

15 away from the display unit 1 1 and forward at a distance 
d2 away from the display unit 12 (d1<d2, d1+d2=d0). 
[0063] In FIG.2, concerning another object having a 
same shape of the object in FIG.1 , an image 112 is dis- 
played on the display unit 11 and an image 122 is dis- 

20 played on the display unit 12. At this time, if the bright- 
ness of the image 112 is lower than that of the image 
1 22. a composed image 1 32 can be viewed as existing 
backward at a distance d3 away from the display unit 11 
and forward at a distance d4 away from the display unit 

25 12 (d3>d4, d3+d4=d0). At this time, the image 132 is 
displayed such that the sum of the brightness of the dis- 
play unit 1 1 and the display unit 1 2 is constant as in the 
case of FIG. 1. 

[0064] The image 131 is visually recognized to be in 
30 front of the image 132 by displaying the images, which 
are illustrated in the above described FIG.1 and FIG.2, 
alternatively at a predetermined cycle by which the af- 
terimage effect is kept valid for the viewer 10. As this 
predetermined cycle, an appropriate cycle may be set, 
35 such as 1/60 second which means a field image cycle 
of a NTSC (National Television System Committee) 
type, 1/30 second which means a frame image cycle of 
the NTSC type, or 1/50 second which means the field 
image cycle of a PAL (Phase Alternation by Line) type, 
40 1 /25 second which means the frame image cycle of the 
PAL type or a predetermined preferable cycle, by which 
the afterimage effect can be maintained as the 3D dis- 
play system. 

45 (CAMERA APPARATUS FOR 3D DISPLAY IMAGE) 

[0065] Next, with reference to FIG.3, an example of a 
camera apparatus 1 , which takes an image for 3D dis- 
play, will be explained. 
so [0066] In FIG. 3, the camera apparatus 1 is provided 
with, for example, a camera 23, a distance measuring 
unit 24 and a recording unit 25. The camera 23 may be 
a TV camera of the NTSC type, the PAL type or the like. 
The distance measuring unit 24 is to measure a distance 
55 to an object and uses for example infrared ray or ultra- 
sonic wave. The recording unit 25, which is provided 
with a tape, a disc or the like as a recording medium, 
records data about the image which is taken by the cam- 
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era 23 and the distance to the object which is detected 
by the distance measuring unit 24. The distance to the 
object or the corresponding brightness of the object may 
be inputted as a predetermined value by an input device 
26 such as a remote-control unit, a front panel switches, 
a keyboard or the like. 

[0067] It is assumed here that two objects, which are 
used to take the image for 3D display, are a first object 
21 and a second object 22 respectively. The first object 
21 and the second object 22 are placed as having a dis- 
tance interval therebetween in back and forth directions 
with respect to the viewer 1 0 . The first object 21 and the 
second object 22, which are placed as above described, 
are image-taken by the camera 23 from a direction of 
viewing of the viewer 1 0 and the image data is recorded 
to the recording unit 25. 

[0068] At the same time as taking the Image by the 
camera 23, each of a distance D1 to the first object 21 
and a distance D2 to the second object 22 is measured 
by the distance measuring unit 24. The measured dis- 
tance D1 and D2 are recorded by the recording unit 25 
in association with the image data which is taken by the 
camera 23. As to a play of a 3D image, as will be de- 
scribed later in detail with referring to FIG.4, the viewer 
1 0 can perceive the images of the first object 21 and the 
second object 22 three-dimensionally since the images 
of the first object 21 and the second object 22 are dis- 
played on a plurality of display units respectively with 
controlling the brightness on the basis of the distance 
data about these distances D1 and D2. 
[0069] Further, it is possible to show the 3D image by 
inputting (i) the image data which is taken by the camera 
23 and (ii) the distance data which is measured by the 
distance measuring unit 24, to the 3D display apparatus 
2 directly. The distance data and the image data are not 
limited to the data obtained by the camera apparatus 1 , 
it is possible to use data generated by a computer in- 
stead. 

(3D DISPLAY APPARATUS) 

[0070] Next, referring to FIG.4, the 3D display appa- 
ratus 2 is explained. FIG. 4 shows the 3D image dis- 
played by using the image data and the distance data, 
which are obtained by the above described camera ap- 
paratus 1 . 

[0071 ] In FIG. 4, the 3D display apparatus is provided 
with a first display unit 11 , a second display unit 12, an 
image play unit 31 , a display image unit 32, a distance 
information unit 33, a synchronized signal unit 34, a 
brightness modulation unit 35, a signal generator 36 for 
the first display unit, a signal generator 37 for the second 
display unit, a drive unit 38 for the first display unit and 
a drive unit 39 for the second display unit and so forth. 
[0072] The first display unit 1 1 is disposed near to the 
viewer 10 and is provided with a displaying device, 
which self -emits and has a light transparency, for exam- 
ple like an EL element. The second display unit 12 is 



disposed distant from the viewer 10 as compared with 
the first display unit 1 1 , and may be provided with a dis- 
playing device, which self-emits and has a light trans- 
parency in the same manner as the first display unit 11 
5 such as an EL element, or may be provided with a LCD 
(Liquid Crystal Display) unit, a CRT (Cathode Ray Tube) 
display unit or the like. 

[0073] The first display unit 1 1 and the second display 
unit 1 2 are placed on the same visual line of the viewer 

10 10 with their screens being perpendicular to the visual 
line of the viewer 1 0. Further, although it is not illustrated 
in FIG.4, it is possible to insert one or a plurality of dis- 
play units between the first display unit 11 and the sec- 
ond display unit 12. The inserted display unit or units 

is may be constructed by the displaying device, which self- 
emits and has the light transparency in the same man- 
ner as the first display unit 11 . It is natural that each of 
the display units needs the driver device. 
[0074] An EL element, which is used as the first dis- 

20 play unit 1 1 and which may be used as the second dis- 
play unit 12 as the occasion demands between the first 
display unit 1 1 and the second display unit 1 2, self-emits 
and can pass therethrough a light coming from a back 
thereof. The usage of self-emitting and transparent dis- 

25 play unit characterizes the 3D display apparatus of the 
present invention and contributes to the size and cost 
reduction of the apparatus. Naturally, it is possible to use 
the EL display unit as the second display unit 12. 
[0075] Incidentally, the display unit of the 3D display 

30 apparatus of the present invention is not limited to the 
EL as long as the display unit has the features of self- 
emitting and being transparent to the light coming from 
behind. 

[0076] The image play unit 31 outputs the image data 
35 and the distance data by playing or reproducing a me- 
dium, for example the disc, on which (i) the image data 
of the first object 21 and the second object 22 and (ii) 
the distance data of the first object 21 and the second 
object 22 , the images of which were taken by the camera 
40 apparatus 1 , are recorded. Incidentally, this image play 
unit 31 is not needed, if the output of the camera 23 is 
directly used to show the 3D image. 
[0077] The display image unit 32 generates the image 
data, which is to be actually displayed out of the infor- 
ms mation which was played or reproduced by the Image 
play unit 31 . That is to say, as shown in FIG.3, the dis- 
play image unit 32 separates the image data of the first 
object 21 and the second object 22, the images of which 
were taken, and outputs the image information to a next 
50 stage for the displaying process. 

[0078] The distance information unit 33 separates the 
information of the object, the image of which was taken, 
for example the first object 21 or the second object 22 
shown in FIG.3, as for the distance from the camera 23 
55 (more precisely, from the distance measure unit 24), 
namely the distance data, from the played signal of the 
recording medium. Then, the distance information unit 
33 outputs the distance data to the next stage for the 
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displaying process. In this case, the distance data and 
the image data, which arc played simultaneously with 
the distance data, keep the relationship of synchronizing 
with each other. 

[0079] The synchronization signal unit 34 achieves a 5 
synchronization between (i) a synchronization signal in 
displaying the image with the played signal of the re- 
cording medium, e.g., not only the signal about a hori- 
zontal synchronization and a vertical synchronization 
but also the image data of the first object 21 and the 10 
second object 22 synchronized to be actually displayed 
and (ii) the distance data about the distance from the 
camera 23. In this way, the synchronization signal de- 
vice 34 correlates the distance from the object with a 
figure showing the object. 15 
[0080] The brightness modulation device 35 controls 
the brightness of the first object 21 and the second ob- 
ject 22 in displaying them on the first display unit 11 and 
the second display unit 12 in correspondence with the 
distance from the camera 23 to the first object 21 and 20 
the second object 22 respectively which are to be dis- 
played, namely the distance from the viewer 10. The 
control makes the brightness of the first object 21 dis- 
played on the first display unit 11 be higher than that of 
the first object 21 displayed on the second display unit 25 
12 and also makes the brightness of the second object 
22 which is displayed on the first display unit 11 be lower 
than that of the second object 22 which is displayed on 
the second display unit 12, on an assumption that the 
first object 21 is placed nearer to the viewer 1 0 than the 30 
second object 22 is. 

[0081] Incidentally, the first object 21 and the second 
object 22 are displayed in the different field or frame con- 
sidering the afterimage effect of the viewer 10. There- 
fore a brightness which is composed of (i) the brightness 35 
of the first display unit 11 and (ii) that of the second dis- 
play unit 12 in showing the first object 21 is set to be 
equal to a brightness which is composed of (i) the bright- 
ness of the first display unit 1 1 and (ii) that of the second 
display unit 1 2 in showing the second object 22 in order *o 
to remove unnaturainess in vision. 
[0082] The signal generator 36 for the first display unit 
generates a signal of the image which is to be displayed 
on the first display unit 11 on the basis of a signal of the 
display image unit 32 and the brightness modulation unit 45 
35 and the synchronization signal unit 34. The image 
signal which is generated here makes the brightness in 
displaying the first object 21 high and also makes the 
brightness in displaying the second object 22 low, on an 
assumption that the first object 21 is nearer to the viewer so 
10 than the second object 22 is. The synchronization 
signal for displaying is added to this image signal gen- 
erated in this manner. 

[0083] The signal generator 37 for the second display 
unit generates a signal of the image is to be displayed 55 
on the second display unit 1 2 on the basis of the signal 
of the display image unit 32 and the brightness modu- 
lation unit 35 and the synchronization signal unit 34. The 



image signal which is generated here makes the bright- 
ness in displaying the first object 21 low and the bright- 
ness in displaying the second object 22 high, on an as- 
sumption that the first object 21 is nearer to the viewer 
10 than the second object 22 is. The synchronization 
signal for displaying is added to this image signal gen- 
erated in this manner. 

[0084] The drive unit 38 for the first display unit con- 
verts the image signal which is sent from the signal gen- 
erator 36 for the first display unit into a drive waveform 
corresponding to the kind of the first display unit 11 , for 
example the EL display unit. The drive unit 38 for the 
first display unit gets a voltage and a current for the driv- 
ing. and applies the voltage and the current to the first 
display unit 11 and makes the display unit 11 display the 
image. 

[0085] The drive unit 39 for the second display unit 
converts the image signal which is sent from the signal 
generator 37 for the second display unit into the drive 
waveform corresponding to the kind of the second dis- 
play unit 12, for example the EL display unit, LCD unit, 
CRT display unit or the like. The drive unit 39 for the 
second display unit gets a voltage and a current for the 
driving and applies the voltage and the current to the 
second display unit 12. and makes the display unit 12 
display the image. 

[0086] The viewer 10 can perceive the 3D image 
since the image signal generated as above described is 
displayed on the first display unit 11 and the second dis- 
play unit 12. 

[0087] Firstly, the image 111 of the first object 21 is 
displayed on the first display unit 11 and the image 121 
of the first object 21 is displayed on the second display 
unit 12. The image 111 and the image 121 synchronize 
with each other and are displayed at the position coin- 
cident with the visual line of the viewer 10. The bright- 
ness of the image 111 is higher than that of the image 
121. In this case, the viewer 10, as shown in FIG. 1, can 
perceive the image 131 at a position which isneartothe 
first display unit 11. 

[0088] On the other hand, in the next displaying cycle, 
the image 1 12 of the second object 22 is displayed on 
the first display unit 11 and an image 122 of the second 
object 22 is displayed on the second display unit 1 2. The 
image 112 and the image 122 synchronize with each 
other and are displayed at the position coincident with 
the visual line of the viewer 10. The brightness of the 
image 122 is higher than that of the image 112. in this 
case, the viewer 10, as shown in FIG.2, can perceive 
the image 132 at a position which is near to the second 
display unit 12. 

[0089] In this manner, the viewer 1 0 can watch the first 
object 21 and the second object 22 which are placed 
back and forth and thereby perceive the 3D image by 
repeating the image which is displayed as mentioned 
above within the afterimage time of the viewer 10. 
[0090] Incidentally, the 3D display apparatus of the 
present invention has a character of actualizing a small- 
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sized and cost-reduced apparatus since it is constructed 
such that the viewer can watch the image displayed on 
the backward display unit through the forward display 
unit, by employing as the forward display unit a display 
unit which self-emits and has the light transparency. 5 
Therefore, the camera apparatus and the 3D display ap- 
paratus are not limited to above description. It is possi- 
ble to be designed a device and a structure which have 
a same operation or function. 

10 

(1st EMBODIMENT OF IMAGE DISPLAYING DEVICE 
IN 3D DISPLAY APPARATUS) 

[0091] The first embodiment of the image displaying 
device will be explained with reference to FIG. 5. *5 
[0092] As shown in FIG.5, the first display unit 11 of 
the present embodiment has a displaying device, which 
displays the image by self-emitting (as indicated by self- 
emitted lights L1 and L2) and which passes there- 
through the light L3 coming from the back side thereof, 20 
for example the EL element. Accordingly, the viewer 1 0 
can watch the image, which is displayed on the second 
display unit 12, through the first display unit 11 in addi- 
tion to the image which is displayed on the first display 
unit 11 . This device can make the 3D display apparatus 25 
small-sized. 

(2nd EMBODIMENT OF IMAGE DISPLAYING DEVICE 
IN 3D DISPLAY APPARATUS) 

30 

[0093] The second embodiment of the image display- 
ing device will be explained with reference to the FIG.5 
in the same way. 

[0094] As shown in FIG.5, the first display unit 11 of 
the present embodiment has a displaying device, which 35 
displays the image by self-emitting (as indicated by self- 
emitted lights L1 and L2) and which passes there- 
through the light L3 coming from the back side thereof, 
for example the EL element. The displaying device, the 
amount of the light of the surface of which is greater than *o 
that of the back surface, is employed in the second em- 
bodiment. It is possible to actualize such a displaying 
device by employing an illuminating element of the dis- 
playing device, which emits the light from the surface 
more than from the back surface. The light L2 emitted 45 
from the back face reaches at the second display unit 
12 as a light L4 and a reflection light L5 on the surface 
of the second display 12 returns to the first display unit 
1 1 . The reflection light L5 may more or less harm for 
showing the image. Because of this, it is possible to im- so 
prove the quality of the 3D image by reducing the light 
L2 emitted from the back face, namely the reflection light 
L5 on the surface of the second display unit 11 . 

(3rd EMBODIMENT OF IMAGE DISPLAYING DEVICE 55 
IN 3D DISPLAY APPARATUS) 

[0095] The third embodiment of the image displaying 



device will be explained with reference to the FIG. 6. 
[0096] As shown in FIG.6, the first display unit 11 of 
the present embodiment has a displaying device, which 
displays the image by self-emitting (as indicated by self- 
emitted lights L1 and L2) and which passes there- 
through the light L3 coming from the back side thereof, 
for example the EL element. Further, the back surface 
of the displaying device is provided with a half mirror 1 3. 
The light L2 emitted from the first display unit 11 toward 
the second display unit 12 is in fact cut off by the half 
mirror 13 and, on the other hand, the light L3 emitted 
from the second display unit 12 can pass through the 
half mirror 1 3 and the first display unit 1 1 . Therefore, the 
viewer 10 can watch the image which is displayed on 
the second display unit 1 2 through the half mirror 1 3 and 
the first display unit 1 1 . It is possible to improve the qual- 
ity of the 3D image because of preventing the light L2 
which is emitted from the back of the display unit 11 from 
reflecting on the second display unit 1 2 and returning to 
the side of the viewer 1 0. 

(4th EMBODIMENT OF IMAGE DISPLAYING DEVICE 
IN 3D DISPLAY APPARATUS) 

[0097] The forth embodiment of the image displaying 
device will be explained with reference to the FIG. 7. 
[0098] As shown in FIG.7, the first display unit 11 of 
the present embodiment has a displaying device, which 
displays the image by self-emitting (as indicated by self- 
emitted lights L1 and L2) and which passes there- 
through the light L3 coming from the back side thereof, 
for example the EL element. Further, the back surface 
of the displaying device is provided with an optical filter 
14. The light passing from a side of the viewer 1 0 to an 
opposite aide of the viewer 10 through the optical filter 
14 is weaker than the light passing from the opposite 
side of the viewer 1 0 to the side of the viewer 1 0 through 
the optical filter 14. Because of the optical filter 14, the 
light L4 emitted from the first display unit 1 1 to the sec- 
ond display unit 12 is reduced, while the amount of the 
attenuation of the light L3 which is emitted from the sec- 
ond display 12 unit in passing through the optical filter 
14 is small. Therefore, the viewer 10 can watch the im- 
age which is displayed on the second display unit 12 
through the first display unit 1T. It is possible to improve 
the quality of the 3D image because the reflection light 
L5 on the second display unit 12 is very weak. 

(5th EMBODIMENT OF IMAGE DISPLAYING DEVICE 
IN 3D DISPLAY APPARATUS) 

[0099] The fifth embodiment of the image displaying 
device will be explained with reference to the FIG. 8. 
[0100] As shown in FIG.8, the first display unit 11 of 
the present embodiment has a displaying device, which 
displays the image by self-illuminating (as indicated by 
self-illuminated lights L1 and L2) and which passes 
therethrough the light L3 coming from the back side 
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thereof, for example the EL element. Further, the back 
surface of the displaying device is provided with a po- 
larizing plate 15. Because of the polari2ing plate 1 5, the 
light L4 emitted from the first display unit 11 to the sec- 
ond display unit 12 is polarized. The reflection light L5 
which reflects on the second display unit 12 is cut off in 
passing through the polarizing plate 15 again and can 
hardly or not reach the viewer 10. On the other hand, 
the light L3 emitted from the second display unit 12 can 
pass through the polarizing plate 1 5. Therefore the view- 
er 1 0 can watch the image which is displayed on the 
second display unit 12 through the first display unit 11. 
It is possible to improve the quality of the 3D image be- 
cause the light reflection L5 can hardly or not return to 
the viewer 1 0. 

(6th EMBODIMENT OF IMAGE DISPLAYING DEVICE 
IN 3D DISPLAY APPARATUS) 

[01 01 ] The sixth embodiment of the image displaying 
device will be explained with reference to the FIG. 9. 
[0102] As shown in FIG.9, the first display unit 11 of 
the present embodiment has a displaying device, which 
displays the image by self-illuminating (as indicated by 
self-illuminated lights L1 and L2) and which passes 
therethrough the light L3 coming from the back side 
thereof, for example the EL element. The surface of the 
second display unit 12 is provided with an anti-reflection 
film 1 6. The light L4 emitted from the first display unit 1 1 
to the second display unit 12 is reduced by the aniti- 
ref lection film 1 6. Therefore, the reflection light L5 of the 
light L4 hardly returns to the viewer 10. On the other 
hand, the light L3 emitted from the second display unit 
12 can pass through the anti-reflection 16. Therefore, 
the viewer 1 0 can watch the image which is displayed 
on the second display unit 12 through the first display 
unit 11. It is possible to improve the quality of the 3D 
image because the reflection light L5 on the second dis- 
play unit 12 hardly returns to the viewer 10. 
[0103] Incidentally, instead of providing with the anti- 
reflection film 16 on the surface of the second display 
unit 12, it is possible to employ means for reducing the 
reflection light L5, for example an anti-reflection 
processing or anti-reflection film coating process on the 
surface of the second display unit 1 2 may be applied by 
a machinery device or a chemical device, or alternative- 
ly a light scatter plate may be attached. 
[01 04] The first to sixth embodiments of the image dis- 
playing device have been explained above. It is natural 
to combine two or more of them within the technically 
available scope. For example, the amount of the light 
directed from the displaying unit, which is positioned 
front, toward the back side thereof may be reduced, 
while the anti-reflection film may be equipped on the sur- 
face of the displaying unit, which is positioned back. 
[0105] As described above, according to the present 
embodiment, the 3D display method of the brightness 
modulation type can be realized by using a relatively 



easy structure and control. 

[0106] In addition, it is possible for the viewer to watch 
apluralityof objects with recognizing their back andforth 
distance relationship, by displaying the plurality of ob- 
5 jects alternatively, which have different depths to each 
other, with controlling the brightness on two displaying 
devices which are placed back and force, within the time 
duration while the afterimage effect of the viewer is kept 
valid. 

10 [01 07] Although the example of the 3D display in the 
above described, one or a combination of the first to 
sixth embodiment can show a 2D image. 
[0108] Further, more concrete examples of the first 
displaying device 11 having such a structure that the 

15 emitting amount of the light in the forward direction is 
increased and that the emitting amount of the light L2 
from the back surface is decreased In the above de- 
scribed second embodiment will be explained with ref- 
erence to the FIG.10 to FIG.12. Each of FIG. 10 to 12 

20 shows a diagram that illustrates a concrete structure of 
the first display unit 11 which is used in the second em- 
bodiment. 

[0109] As shown in FIG.1 0, an organic EL display unit 
1 00 may be used as the first display unit 1 1 in the second 

25 embodiment. The organic EL display unit 100 has an 
organic EL emitting layer 111, a substrate 112, an ITO 
(Indium Tin Oxide) electrode (anode) 113, an insulation 
film 115, a cathode separator 116, a transparent glass 
sealing can 117, a transparent electrode 118 and a re- 

30 flection plate 119. 

[0110] The organic EL emitting layer 111 comprises a 
hole injection layer, a hole transporting layer, a light 
emitting layer, an electron transporting layer and an 
electron injection layer, which are not illustrated in FIG. 

35 1 o. The hole injection layer may be composed of for ex- 
ample a CuPc (Copper Phthalocyanine). The hole trans- 
porting layer may be composed of for example a NPB 
(N, N-di(naphthalene-1 -yl)-N, N-diphenyl-benzidene). 
The light emitting layer may be composed of an A 1 q z.-j 

to (a tris-(8-hydroxyquinoline) aluminum). The electron 
transporting layer may be composed of for example a 
BCP(a bathocuproine). The electron injection layer is 
composed of for example a LiF (Lithium fluoride). 
[0111] The substrate 112 is used to protect and sup- 
's port the organic EL emitting layer 111. The substrate 1 1 2 
may comprise a glass substrate. A polymer substrate 
may be used as the substrate 1 1 2. The viewer 1 0 watch- 
es an image which is made of a light emitted by the or- 
ganic EL emitting layer 111 through the substrate 112. 

50 [0112] The ITO electrode 113 is an anode electrode 
having the light transparency property. An IZO (Indium 
Zinc Oxide) electrode may be used as the anode elec- 
trode instead of the ITO electrode. 
[0113] The insulation film 115 is used to prevent an 

55 electricity-leak. The insulation film 115 may be com- 
posed of a polyimide and formed on the substrate 113 
except a part of the substrate 113 where the organic EL 
emitting layer 111 is to be formed. 
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[01 14] The cathode separator 1 1 6 is used to make a 
cathode (namely the transparent electrode 118) an ar- 
bitrary shape in patterning the cathode. The cathode 
separator 116 is formed on the insulation film 11 5 except 
a part where the cathode is to be formed. 5 
[0115] The transparent glass sealing can 117 is to 
protect the above described elements from the outer in- 
fluence. Alternatively, a transparent sealing film may be 
used instead of the transparent glass sealing can 117. 
[0116] The transparent electrode 118 is the cathode io 
electrode including for example the ITO, which has the 
light transparency property. The transparent electrode 
118 may comprise IZO or a metal electrode in a film 
shape. 

[0117] The reflection plate 119 may be composed of *5 
a metal, like for example an aluminum, whose reflection 
rate is high. The reflection plate 119 Is preferred to be 
disposed on at least a part of a boundary surface be- 
tween the organic EL emitting layer 1 1 1 and transparent 
electrode 118. 20 
[0118] The organic EL display unit 100, which has the 
above described structure, makes a light, which is emit- 
ted from the entire organic EL emitting layer 111 , pass 
to a direction of the front surface thereof. On the other 
hand, the organic EL display unit 100 makes a light, 25 
which is emitted from the organic EL emitting layer 111 
except a part of the organic EL emitting layer 1 1 1 where 
the reflection plate 1 1 9 is not formed, pass to a direction 
of the back surface thereof. Therefore, like the first dis- 
playunitH of the above described second embodiment, 30 
it is possible to realize the display unit which emits the 
light from the front surface more than from the back sur- 
face and emits the less light L2 from the back surface. 
[0119] As shown in FIG. 11 , an organic EL display unit 
1 01 , which has a structure that at least a part of the or- 35 
ganic EL emitting layer 111 has the reflection plate 119 
and another part of the organic EL emitting layer 111 
doesn't have the reflection plate 119, can have same 
advantage as the above described organic EL display 
unit 100. 40 
[0120] Namely, a light, which is emitted from both of 
(i) the organic EL emitting layer 111 which doesn't have 
the reflection plate 119 and (ii) the organic EL emitting 
layer 111 which has the reflection plate 119, passes to 
the direction of the front surface. On the other hand, a 45 
light emitted from only the organic EL emitting layer 111 
which doesn't have the reflection plate 119 passes to 
the direction of the back surface. 
[0121] Therefore, like the structure shown in FIG. 10, 
it is possible to realize the display unit which emits the so 
light from the front surface more than from the back sur- 
face and emits the less light L2 from the back surface. 
[01 22] About the above described the organic EL dis- 
play unit 100 and 101, the light L1 shown in FIG.5 is 
equivalent to the light emitted toward the substrate 112. 55 
The light L2 shown in FIG.5 is equivalent to the light 
emitted toward the opposite side of the substrate 112. 
However, it is not limited to this, the light L1 shown in 



FIG.5 may be equivalent to the light emitted toward the 
opposite side of the substrate 112. while the light L2 
shown in FIG.5 may be equivalent to the light emitted 
toward the substrate 112. As an organic EL display unit 
102 in this case, the reflection plate 119 is preferred to 
be disposed on a boundary surface or at least a part of 
the boundary surface between the organic EL emitting 
layer 111 and the ITO electrode 11 3 as shown in FIG. 1 2. 



Claims 

1. A three dimensional display apparatus (2) charac- 
terized in that said apparatus comprises: 

a plurality of displaying devices (11 , 12) which 
are arranged on a visual line of a viewer (10) In 
series at a predetermined interval; and 
a controlling device (31-39) for controlling the 
displaying devices to respectively display imag- 
es, so as to show a three dimensional image 
for the viewer, 

at least one of the displaying devices (11) ex- 
cept for a displaying device (12) which is posi- 
tioned farthest from the viewer comprising an 
image displaying surface having both of a self- 
emitting property and a light transparency prop- 
erty. 

2. The three dimensional display apparatus (2) ac- 
cording to claim 1 , characterized in that said con- 
trolling device (31 -39) controls the displaying devic- 
es (11, 12) to respectively display the images of a 
same object at a substantially same screen position 
of respective one of the displaying devices. 

3. The three dimensional display apparatus (2) ac- 
cording to claim 2, characterized in that said con- 
trolling device (31-39) controls the display devices 
(11,12) such that one of the displaying devices (11) 
which is positioned forward displays one image of 
the same object with a higher brightness than other 
of the displaying devices (12) positioned backward 
if the three dimensional image is to be shown nearer 
to the viewer (1 0), and such that one of the display- 
ing devices (12) which is positioned backward dis- 
plays one image of the same object with a higher 
brightness than other of the displaying devices (11) 
positioned forward if the three dimensional image 
is to be shown farther from the viewer. 

4. The three dimensional display apparatus (2) ac- 
cording to claim 3, characterized in that said con- 
trolling device (31-39) further controls the display- 
ing devices (11, 12) such that a sum of the bright- 
ness of the displaying devices (11, 12) positioned 
from forward to backward position is kept to be a 
predetermined value. 
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5. The three dimensional display apparatus (2) ac- 
cording to claim 3 or 4, characterized in that the 
controlling device (31-39) controls the brightness 
on the basis of a distance from a camera device (1) 
for shooting the image of the same object to the 
same object. 

6. The three dimensional display apparatus (2) ac- 
cording to any one of claims 3 to 5, characterized 
in that said apparatus further comprises an input 
device (26) through which the brightness is set to 
be a desired value. 

7. The three dimensional display apparatus (2) ac- 
cording to any one of claims 1 to 6, characterized 
in that said at least one of the displaying devices 
(11) self-emits such that an amount of a self-emitted 
light directed toward the viewer (10) is more than 
that directed away from the viewer. 

8. The three dimensional display apparatus (2) ac- 
cording to any one of claims 1 to 7, characterized 
in that said at least one of the displaying devices 
(11) has a half mirror (13) on a back side thereof. 

9. The three dimensional display apparatus (2) ac- 
cording to any one of claims 1 to 8, characterized 
in that said at least one of the displaying devices 
(11) has a filter (14) on a back side thereof, such 
that an amount of a self-emitted light directed away 
from the viewer (10) through the filter is less than 
that directed toward the viewer through the filter. 

10. The three dimensional display apparatus (2) ac- 
cording to any one of claims 1 to 9, characterized 
in that said at least one of the displaying devices 
(11) has a polarizing plate (15) on a back side 

11. The three dimensional display apparatus (2) ac- 
cording to any one of claims 1 to 10, characterized 
in that said at least one of the displaying devices 
(11) is anti-reflection processed on a back side sur- 
face thereof. 

12. The three dimensional display apparatus (2) ac- 
cording to any one of claims 1 to 11 , characterized 
in that the other of the displaying devices (12) po- 
sitioned backward is anti-reflection processed on a 
front side surface thereof. 

13. The three dimensional display apparatus (2) ac- 
cording to any one of claims 1 to 12, characterized 
in that the other of the displaying devices (12) po- 
sitioned backward has a light scattering plate (16) 
on a front side surface thereof. 

14. The three dimensional display apparatus (2) ac- 
cording to any one of claims 1 to 1 3, characterized 



in that said at least one of the displaying devices 
(11) comprises an EL (Electro-Luminescence) ele- 
ment. 

5 15. The three dimensional display apparatus (2) ac- 
cording to any one of claims 1 to 1 4, characterized 
in that said displaying device (12) positioned far- 
thest from the viewer (1 0) comprises an image dis- 
playing surface not having the light transparency 

io property. 

16. A three dimensional display method using a three 
dimensional display apparatus (2) comprising (i) a 
. plurality of displaying devices which are arranged 
*5 on a visual line of a viewer (10) in series at a pre- 
determined interval and (ii) a controlling device 
(31-39) for controlling the displaying devices to re- 
spectively display images, so as to show a three di- 
mensional image for the viewer, at least one of the 
20 displaying devices except for a displaying device 
which is positioned farthest from the viewer com- 
prising an image displaying surface having both of 
a self-emitting property and a light transparency 
property, characterized in that said method com- 
25 prises the processes of: 

generating image signals for the displaying de- 
vices to respectively display the images; and 
controlling the displaying devices on the basis 
30 of the generated image signals to respectively 

display the images of a same object at a sub- 
stantially same screen position of respective 
one of the displaying devices. 

35 1 7. The three dimensional display method according to 
claim 16 : characterized in that said controlling 
process comprises the processes of: 

controlling the display devices (11, 12) such 
40 that one of the displaying devices which is po- 

sitioned forward displays one image of the 
same object with a higher brightness than other 
of the displaying devices positioned backward 
if the three dimensional image is to be shown 
45 nearer to the viewer (10); and 

controlling the display devices such that one of 
the displaying devices which is positioned 
backward displays one image of the same ob- 
ject with a higher brightness than other of the 
50 displaying devices positioned forward if the 

three dimensional image is to be shown farther 
from the viewer. 

18. The three dimensional display method according to 
55 claim 1 7, 

characterized in that said controlling process fur- 
ther controls the displaying devices such that a sum 
of the brightness of the displaying devices posi- 
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tioned from forward to backward position is kept to 
be a predetermined value. 

1 9. The three dimensional display method according to 
any one of claims 16 to 18, characterized in that 
the controlling process controls the brightness on 
the basis of a distance from a camera device for 
shooting the image of the same object to the same 
object. 
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